Robustness Mechanisms of Temporal Cell-Fate Progression in C. Elegans by Ilbay, Orkan
University of Massachusetts Medical School 
eScholarship@UMMS 
GSBS Dissertations and Theses Graduate School of Biomedical Sciences 
2019-12-16 
Robustness Mechanisms of Temporal Cell-Fate Progression in C. 
Elegans 
Orkan Ilbay 
University of Massachusetts Medical School 
Let us know how access to this document benefits you. 
Follow this and additional works at: https://escholarship.umassmed.edu/gsbs_diss 
 Part of the Developmental Biology Commons 
Repository Citation 
Ilbay O. (2019). Robustness Mechanisms of Temporal Cell-Fate Progression in C. Elegans. GSBS 
Dissertations and Theses. https://doi.org/10.13028/9rfv-be05. Retrieved from 
https://escholarship.umassmed.edu/gsbs_diss/1057 
Creative Commons License 
This work is licensed under a Creative Commons Attribution-Noncommercial 4.0 License 
This material is brought to you by eScholarship@UMMS. It has been accepted for inclusion in GSBS Dissertations 










































































































































































(AF?97&UVWV! &7<6595\7=! 37<795E! $:E?L8;B<=6! "7G7:@! 9D:9! 1P=2.<=BE5<L!











*;=B@:97! :! 15L:<=2.<=7J7<=7<9! -E95G59>! ;F! 4-/2NP! 'D:9! .6! "76J;<65A@7! F;8!
+;887E95<L! ,7978;ED8;<5E! 0D7<;9>J76! +:B67=! A>! .<6BFF5E57<9! )WJ87665;<! ;F!@792
e!/:C5@>!*5E8;"(-6dddddddddddddddddddddUUUdddd^R!
&
(AF?97&UVZV! ,7978;ED8;<5E! 37<76! -66;E5:97=! S59D! 9D7! -@9787=! ,$12N!
4;S<87LB@:95;<! 08;L8:C! 5<! 0;6924:B78! -<5C:@6! -87! "7KB587=! F;8! 9D7! 1P=!









(AF?97& WVMV! 'D7!+U! 7@7L:<6! +7.1<@1+7.189!J:9DS:>! 87LB@:976! 1P29;21b! E7@@2F:97!




5<! @:8G:7! @:E?5<L! 1+&6! 5<! 9D7!34+15! bh%'"H! :<=!+7.189!56! 87KB587=! F;8! 9D56!
E>9;J@:6C5E!:EEBCB@:95;<!;F!,$12NdddddddddddddddddddUR^!
&
(AF?97& WVWV! 'D7!+7.1<@1+7.189!J:9DS:>! 87LB@:976! <BE@7:8! :EEBCB@:95;<! ;F! ,$12N!
dddUUUdddddddddddddddddddddddddddddddRc!
&


























(AF?97& XVZV! 'D7! 7FF7E96! ;F! fi%'"!CB9:95;<6! ;<! 9D7! F;@=5<L! ;F! 9D7! 98:<626J@5E7=!
fi%'"! ;F! +7.189# :<=! E;8876J;<=5<L! 1.(2^O! 7WJ87665;<! @7G7@6! 5<F7887=! F8;C! 9D7!
6987<L9D!;F!9D7!L:5<2;F2FB<E95;<!JD7<;9>J76AddddddddddddddUUN^e!
&
(AF?97&XV[V!*;=7@j! 1.(2Pc!E;<98;@6! 97CJ;8:@! E7@@2F:97!J8;L87665;<!A>! 87LB@:95<L!
1.(2^O!7WJ87665;<!G5:!9D7!fi%'"!;F!+7.189!C"(-dddddddddddddNfe!!
&








E;CJ@7C7<9:8>! 65976! 5<! 9D7! 34+15! bi%'"! E;@@:A;8:97! 5<! 9D7! 1P=! :@978<:95G7!
































































































































































































































Denoising ⎯ Preventing Leaky Expression




























































































































































































































































































































































J8;L87665;<! :<=! @7:=! 9;! 97CJ;8:8>! =7G7@;JC7<9:@! KB576E7<E7! ]=5:J:B67_H!
7W7CJ@5F57=!A>!9D7!=:B78!@:8G:!69:L7!;F!9D7!<7C:9;=7!!-*.H>3-4:707/#*+*,-./!]!"#
*+*,-./_U!"7C:8?:A@>H!J:9978<6!;F!E7@@!=5G565;<!:<=!97CJ;8:@!E7@@2F:97!J8;L87665;<!
5<!!"# *+*,-./! @:8G:7! :87! <;9! :FF7E97=! A>! ED:<L76! 5<! =7G7@;JC7<9:@! 98:Y7E9;8>U!
,;S7G78H! 9D7! B<=78@>5<L! JD>65;@;L5E:@! :<=! L7<7! 87LB@:9;8>! C7ED:<56C6! 9D:9!
7<6B87! 8;AB69! =7G7@;JC7<9:@! J:9978<5<L! =76J597! 6BA69:<95:@! J@:695E59>! 5<!
=7G7@;JC7<9:@!J8;L87665;<!:87!@:8L7@>!B<?<;S<U!,787H!S7!87J;89!9D:9!=5:J:B672
5<=BE5<L! JD78;C;<76! E;887E9! D7978;ED8;<5E! =7G7@;JC7<9:@! E7@@! @5<7:L7! =7F7E96!
E:B67=! A>! 5<6BFF5E57<9! 7WJ87665;<! ;F! +*012! F:C5@>! C5E8;"(-6! 5<! !"# *+*,-./U!
*;87;G78H!9S;!E;<678G7=!7<=;E85<7!65L<:@5<L!J:9DS:>6H!4-/2eg'3/2!a!:<=!4-/2
Pg.<6B@5<H! 9D:9! E;<F78! ;<! 9D7! @:8G:! =5:J:B67! :<=! <;<2=5:J:B67! :@978<:95G7!
=7G7@;JC7<9:@!98:Y7E9;8576!5<978:E9!S59D!9D7!<BE@7:8!D;8C;<7!87E7J9;8H!4-/2NPH!9;!











476J597! 9D7! G:69! E;CJ@7W59>! ;F! :<5C:@! =7G7@;JC7<9H! =7G7@;JC7<9:@!
J8;E76676! :87! 87C:8?:A@>! 8;AB69! 5<! 9D7! F:E7! ;F! 7<G58;<C7<9! :<=! JD>65;@;L5E:@!
69876676U!*B@95E7@@B@:8!:<5C:@6!=7G7@;J!F8;C!:!65<L@7!E7@@!9D8;BLD!:!97CJ;8:@!:<=!
6J:95:@!7@:A;8:95;<!;F!7G7<96!9D:9!5<E@B=7!E7@@!=5G565;<H!=5FF787<95:95;<H!C5L8:95;<H!:<=!
:J;J9;656U! ):8@>! =7G7@;JC7<9:@! E7@@! @5<7:L76! 8:J5=@>! =5G78L7! FB<E95;<:@@>! :<=!
6J:95:@@>H!:<=!E;<95<B7!9;!F;@@;S!=5695<E9!J:9D6!9;S:8=6!AB5@=5<L!=5G7867!J:896!;F!9D7!




'D7! <7C:9;=7# !"# *+*,-./! =7G7@;J6! 9D8;BLD! F;B8! @:8G:@! 69:L76H! 7:ED! ;F!
SD5ED!E;<65696!;F!:<!5<G:85:<9!679!;F!ED:8:E9785695E!=7G7@;JC7<9:@!7G7<96!]&B@69;<!
:<=!,;8G59\H!NRee_U!4B85<L! @:8G:@!=7G7@;JC7<9H!697C!E7@@6!:<=!A@:69!E7@@6!=5G5=7!
:<=! J8;L87665G7@>! J8;=BE7! J8;L7<>! E7@@6!S59D! =7F5<7=! 69:L726J7E5F5E! F:976U! 'D7!
95C5<L! ;F! E7@@! F:97! 98:<6595;<6! S59D5<! 5<=5G5=B:@! J;697CA8>;<5E! E7@@! @5<7:L76! 56!
87LB@:97=!A>!L7<76!;F!9D7!D7978;ED8;<5E!J:9DS:>H!SD;67!J8;=BE96!5<E@B=7!E7@@!F:97!
=7978C5<:<9! 98:<6E85J95;<! F:E9;86H! :6! S7@@! :6! C5E8;"(-6! ]C5"(-6_! :<=! ;9D78!
87LB@:9;86! ;F! 9D767! 98:<6E85J95;<! F:E9;86! ]-CA8;6! :<=! ,;8G59\H! NRc^`! -CA8;6H!
PQNN_U!!.<!CB9:<96!=7F7E95G7!5<!9D7!:E95G59>!;F!;<7!;8!C;87!D7978;ED8;<5E!L7<76H!9D7!
! &-!















F:976! :9! @:978! 69:L76H! 876B@95<L! 5<! :<! 7<@:8L7=! :<=! =7G7@;JC7<9:@@>! 879:8=7=!

































:<=! 7<G58;<C7<9:@! F:E9;86! ]"7<! :<=! -CA8;6H! PQNf_H! :<=! E:<! A7! KB:<95F57=! A>!
E;B<95<L!9D7!<BCA78!;F!67:C!E7@@6!5<!>;B<L!:=B@9!S;8C6U!!
!"# *+*,-./! 56! :! F8772@5G5<L! <7C:9;=7! SD;67! 7<G58;<C7<9! 56! J8;<7! 9;!
F@BE9B:95;<6!A79S77<!E;<=595;<6!9D:9!:87!F:G;8:A@7!:<=!B<F:G;8:A@7!F;8!E;CJ@795;<!
;F! =7G7@;JC7<9! ]/8s\:@! :<=! /s@5WH! PQNf_U! %<=78! F:G;8:A@7! E;<=595;<6! ]6BED! :6!





6987662876569:<9H!:<=! @;<L2@5G7=!],BH!PQQe_U!ID7<!E;<=595;<6! 5CJ8;G7H! 9D7!=:B78!













=7G7@;J6! 8:J5=@>! :<=! E;<95<B;B6@>H! ;8! 5<697:=! 98:G78676! =:B78! =5:J:B67H!SD5ED!
5CJ;676!:!@7<L9D>!]7G7<!C;<9D62@;<L_!5<9788BJ95;<!;F!9D7!1P!9;!1b!98:<6595;<!]/5LB87!
PUN-u$_U!.<9787695<L@>H!E7@@!F:97!98:<6595;<!=7F7E96!;F!C:<>!D7978;ED8;<5E!CB9:<96!
:87! C;=5F57=! ]759D78! 6BJJ87667=! ;8! 7<D:<E7=_! SD7<! @:8G:@! =7G7@;JC7<9! 56!




C7ED:<56C6!A>!SD5ED! 97CJ;8:@!E7@@! F:97!6J7E5F5E:95;<!J:9DS:>6!:87!C;=5F57=! 5<!
:66;E5:95;<!S59D!9D7!=:B78!@:8G:!98:Y7E9;8>!:87!J;;8@>!B<=7869;;=H!76J7E5:@@>!S59D!
87L:8=6!9;!D;S!C;=5F5E:95;<6!9;!9D7!87LB@:9;8>!<79S;8?6!E;<98;@@5<L!97CJ;8:@!E7@@!
F:97! 98:<6595;<6! C:>! A7! E;BJ@7=! 9;! J:895EB@:8! 697J6! 5<! 9D7! 6J7E5F5E:95;<! :<=g;8!
7W7EB95;<! ;F! 9D7! =:B78! @:8G:! =5:J:B67! 98:Y7E9;8>U! #F! J:895EB@:8! 5<978769! 56! 9D7!
KB7695;<!;F!SD79D78!:<=!D;S!9D7!=:B782J8;C;95<L!65L<:@6!9D:9!:87!C;<59;87=!A>!
1N!:<=!1P=! @:8G:7!C5LD9!:E9!J85;8! 9;!=:B78!E;CC59C7<9! 9;!=587E9@>!C;=5F>!L7<7!
87LB@:9;8>!C7ED:<56C6!E;<98;@@5<L!97CJ;8:@!E7@@!F:97!98:<6595;<6U!
';!5<G7695L:97!9D7!5CJ:E9!;F!=:B7825<=BE5<L!7<G58;<C7<9:@!:<=!7<=;E85<7!
65L<:@6! ;<! 9D7! 87LB@:9;8>! <79S;8?! E;<98;@@5<L! 97CJ;8:@! E7@@! F:97! 98:<6595;<6H! S7!
7CJ@;>7=!7WJ785C7<9:@!E;<=595;<6!9D:9! 5<=BE7!9D7!=:B78!F;8C:95;<!J8;L8:CH!AB9!
:@6;!7FF5E57<9@>!J87G7<9!=:B78!E;CC59C7<9U!I7!E:@@!9D767!E;<=595;<6!m1P=25<=BE5<Ln!







JD78;C;<76! 9D:9! 7<:A@7! 9D7! =:B78! @5F7! D569;8>! ;J95;<! :@6;! :E95G:97! :! J8;L8:C!
:@978<:95G7!9;!+*012!F:C5@>!C5E8;"(-6!5<!E;<98;@@5<L!69:L726J7E5F5E!97CJ;8:@!E7@@!F:97!
J8;L87665;<U! I7! F;B<=! 9D:9! 9D7! 9S;! C:Y;8! 7<=;E85<7! 65L<:@5<L! J:9DS:>6! 9D:9!
87LB@:97!=:B78!F;8C:95;<!5<!876J;<67!9;!JD78;C;<76!:<=!F;;=!65L<:@6H!9D7!4-/2
eg'3/2a!:<=!4-/2Pg.<6B@5<! 876J7E95G7@>H!:@6;!C7=5:97! 9D7!7FF7E9!;F! 9D767!6:C7!
65L<:@6! ;<! 97CJ;8:@! E7@@! F:976! B<=78! 1P=25<=BE5<L! E;<=595;<6U! *;87;G78H! S7!
5=7<95F57=! :! J87G5;B6@>! B<=76E85A7=! @5L:<=25<=7J7<=7<9! :E95G59>! ;F! 9D7! <BE@7:8!
D;8C;<7!87E7J9;8!4-/2NP!9D:9!56!876J;<65A@7!F;8!:E95G:95<L!9D7!:@978<:95G7!J8;L8:C!
;F! E7@@! F:97! 6J7E5F5E:95;<! 5<! 9D7! 1P=U! 'D56! :@978<:95G7! J8;L8:C! 56! 876J;<65A@7! F;8!




87LB@:97=! 7WJ87665;<! ;F! +*012! F:C5@>! C5E8;"(-6! ],:CC7@@H! [:8J! :<=! -CA8;6H!
PQQR_U!,7<E7H! 9D7! ;G78:@@! 1P=! 876J;<67! 56! :! m87S585<Ln! J8;L8:C! E;<65695<L! 9S;!
C:Y;8! ;J78:95;<6j! N_! 87J87665;<! ;F! +*012! F:C5@>! C5E8;"(-! 7WJ87665;<H! :<=! P_!
! ')!
:E95G:95;<! ;F! :<! :@978<:95G7! J8;L8:C! 9;! =;S<87LB@:97! 9D7! +*012! F:C5@>! 9:8L79!
],B<EDA:E?2@5?72N_!,$12NU!!
#B8! 876B@96! 6D;S! 9D:9! 7<G58;<C7<9:@! 65L<:@6! :<=! =;S<6987:C! 7<=;E85<7!
65L<:@5<L! J:9DS:>6! :87! E:J:A@7! ;F! E;;8=5<:97@>! 87LB@:95<L! =7G7@;JC7<9:@!
J8;L87665;<!:<=!E7@@!F:97!98:<6595;<6!5<!!"#*+*,-./U!I7!J8;J;67!9D:9!9D56!E:J:A5@59>!
E;<F786!7@:695E59>!9;!!"#*+*,-./!=7G7@;JC7<9H!SD787A>!9D7!J8;J78!=7G7@;JC7<9:@!
6ED7=B@7! ;F! E7@@! F:976! 87C:5<6! B<:FF7E97=! A>! ED:<L76! ;8! B<E789:5<9576! 5<!
=7G7@;JC7<9:@!98:Y7E9;8>U!!
17E?;<E&
I7! =7G7@;J7=! 9D877! :JJ8;:ED76! 9;! 7FF5E57<9@>! B<E;BJ@7! 1P=! F8;C! =:B78!
E;CC59C7<9! :<=! 9D787A>! J8;=BE7! S;8C! J;JB@:95;<6! =7G7@;J5<L! E;<95<B;B6@>!
9D8;BLD! 9D7! A52J;97<95:@! J872=:B78! 1P=! JD:67! =587E9@>! 9;! 9D7! 1bH! S59D;B9! =:B78!



































=7F7E95G7# :-;15<=>395?#CB9:<9! S;8C6! :87! 7CJ@;>7=U! .<! 9D7! 9D58=! :JJ8;:EDH! 9;!
L7<795E:@@>! 5<=BE7!1P=H!S7!E;CA5<7=!:-;15<=>395?!S59D!:! 97CJ78:9B87267<6595G7!
:-;12! CB9:<9! 9D:9! C5C5E6! 9D7! 1P=25<=BE5<L! JD78;C;<7! E;<=595;<6H! ;8! S59D! :!




I5@=29>J7! @:8G:7!8;AB69@>!7W7EB97!1P!69:L7!E7@@! F:976!:<=! 98:<6595;<! 9;!1b!
69:L7! E7@@! F:976! ]9DB6! v! ;F! 67:C! E7@@zNO! 5<! >;B<L! :=B@9! S;8C6_! 87L:8=@766! ;F!














G6! f_H! :<=! B<@5?7! =:B78! :88769H! 1P=25<=BE5<L! :6E:8;65=76! =;! <;9! E;CJ@797@>!









'D7! :-;15<=>395?! CB9:95;<! E;CA5<76! 9D877! 5CJ;89:<9! J8;J789576! SD5ED!
C:?76! 9D56! CB9:95;<! B<5KB7@>! B67FB@! F;8! 69B=>5<L! 9D7! 7FF7E96! ;F! 1P=25<=BE5<L!
E;<=595;<6!;<!9D7!87LB@:95;<!;F!97CJ;8:@!E7@@! F:976U!'D767!J8;J789576!:87j!N_!:-;1
5<=>395?! :<5C:@6! 875978:97! 7WJ87665;<! ;F! 1P! E7@@! F:976! ;S5<L! 9;! 87=BE7=!
]5<6BFF5E57<9_!+*012!F:C5@>!@7G7@6H!P_!:-;15<=>395?!@:8G:7!:87!B<:A@7!9;!7W7EB97!=:B78!





]-<97A5! *0# -+"H! PQQQ`! *;9;@:! *0# -+"H! PQQO_H! :<=! 6;! 9D7! @7G7@6! ;F! +*012! F:C5@>!
C5E8;"(-6! :87! 7WJ7E97=! 9;! A7! B<876J;<65G7! 9;! 7WJ785C7<9:@@>! :=C5<569787=!
:6E:8;65=76H! SD5ED! :87! B<=7869;;=! 9;! 87LB@:97! S5@=! 9>J7! 4-/2NP! :E95G59>! A>!
:FF7E95<L!9D7!@7G7@!;F!4-!]/57@7<A:ED!:<=!-<97A5H!PQQc_U!
! I7!;A678G7=! 9D:9! 9D7!J8767<E7!;F!7W;L7<;B6!:6E:8;65=7!E;E?9:5@!=B85<L!
@:8G:@!=7G7@;JC7<9!:@C;69!E;CJ@797@>!6BJJ87667=!9D7!7W98:!67:C!E7@@!JD7<;9>J7!
;F!:-;15<=>395?!CB9:<96! ]/5LB87!PUbH! 8;S!e!G6!c_U!';! 9769! 9D7!J;665A5@59>! 9D:9!:<!
B<7WJ7E97=! 7@7G:95;<! 5<! 9D7# +*012# F:C5@>! @7G7@6! E;B@=! A7! 876J;<65A@7! F;8! 9D7!
6BJJ87665;<! ;F! 9D7! D7978;ED8;<5E! JD7<;9>J76! ;F! :-;15<=>395?! :<5C:@6! 5<! 9D7!
J8767<E7! ;F! 9D7! :6E:8;65=7! E;E?9:5@H! S7! KB:<95F57=! 9D7! @7G7@6! ;F! +*012! F:C5@>!
C5E8;"(-6! 5<! 9D7! :A67<E7! :<=! J8767<E7! ;F! 9D7! :6E:8;65=76! ]/5LB87! PU^_U! (;!
7@7G:95;<!5<!9D7!@7G7@6!;F!9D767!C5E8;"(-6!5<!876J;<67!9;!9D7!:6E:8;65=7!E;E?9:5@!





:-;12! ]C5C5E?5<L! D5LD! :6E:8;65=76_! ;8! :-;1<# ]C5C5E?5<L! 69:8G:95;<_! 9D:9! :@@;S!


































































































9D7! 6BJJ87665;<! ;F! 9D7! D7978;ED8;<5E! JD7<;9>J76! ;F! :-;15<=>395?! CB9:<96H! S7!
7CJ@;>7=! CB9:95;<6! ;F! />,1D9! :<=! />,1D2H! SD5ED! 7<E;=7! 30+"6! 9D:9! :87!






87KB587=! F;8! 9D7!6BJJ87665;<!;F!:-;15<=>395?! A>!:6:8;65=7! ]/5LB87!PUO$_U#'D767!
876B@96!5<=5E:97!9D:9!9D7!6:C7!30+"6!9D:9!C7=5:97!=:B78!F;8C:95;<!5<!876J;<67!9;!
:6:8;65=7!:87!:@6;!87KB587=!F;8!C7=5:95<L!9D7!7FF7E96!;F!:6:8;65=7!;<!97CJ;8:@!E7@@!








































9D:9! C7=5:97! =:B78! F;8C:95;<! :87! :@6;! 87KB587=! F;8! C7=5:95<L! 9D7! 1P=! 87S585<L!
E:B67=! A>! :-;12=+;?! ;8! :-;1<=+;?! ]#LL! *0# -+"H! NRRe`! 0:99786;<! *0# -+"H! NRRe_H! S7!
L7<78:97=!E;CJ;B<=!CB9:<96!E:88>5<L!:-;15<=>395?!5<!E;CA5<:95;<!S59D!CB9:95;<6!
9D:9! 5CJ:58! 9D767! 7FF7E9;86! ;F! 9D7! '3/2a!;8! 5<6B@5<! 65L<:@5<L! J:9DS:>6H! :<=!






';! =7978C5<7! SD79D78! 9D7! '3/2a! :<=! 5<6B@5<! 65L<:@5<L! J:9DS:>6! :E9! 5<!
J:8:@@7@! 9;!C;=B@:97! 97CJ;8:@! E7@@! F:976H!S7! 97697=! F;8! E8;669:@?! A79S77<! 9D767!
J:9DS:>6!5<!9D7!E;<97W9!;F!6BJJ87665;<!;F!:-;15<=>395?#JD7<;9>J76U!&J7E5F5E:@@>H!
S7! =7978C5<7=! SD79D78! :-;159=+;?! E;B@=! :@978! 9D7! 6BJJ87665;<! ;F# :-;15<=>395?#
JD7<;9>J76! A>! :-;12=+;?H! :<=! E;<G7867@>H! SD79D78! :-;1D=+;?! E;B@=! :@978! 9D7!
6BJJ87665;<!;F!:-;15<=>395?!JD7<;9>J76!A>!:-;1<=+;?U!I7!F;B<=!9D:9!:-;159!S:6!<;9!
87KB587=!F;8!:-;122C7=5:97=!6BJJ87665;<!]/5LB87!PUO)H!8;S6!f2O_H!:<=!:-;1D!S:6!







-6E:8;65=7! ]'3/2a_! 65L<:@5<L! :<=! <B98595;<:@! 69:9B6! ]5<6B@5<_! 65L<:@5<L!
E;<G78L7!9;!5<=BE7!=:B78!@:8G:!:88769!A>!=;S<!87LB@:95<L!4-!J8;=BE95;<!:<=!D7<E7!
87=BE5<L! 9D7! @7G7@6! ;F! @5L:<=7=! 4-/2NPU! ! &5<E7! S7! F5<=! 9D:9! =:B7825<=BE5<L!
E;<=595;<6! ]:6E:8;65=76`! @;66!;F!:-;12! ;8!:-;1<_! E:<!6BJJ8766! 9D7!D7978;ED8;<5E!
JD7<;9>J76!;F! 9D7!4-25<67<6595G7!:-;15<=>395?!CB9:<9H! 59!S;B@=!:JJ7:8! 9D:9! 9D7!
'3/2a! :<=! 5<6B@5<! 65L<:@5<L! J:9DS:>6! C:>! 87LB@:97! E7@@! F:97! 98:<6595;<6! A>!
87J87665<L! :! D>J;9D795E:@! 4-/2NP25<=7J7<=7<9! FB<E95;<! ;F! 4-U! .F! 9D:9! S787! 9D7!
E:67H!5<D5A595<L!;8!J87G7<95<L!4-!J8;=BE95;<!S;B@=!C5C5E!9D7!7FF7E9!;F!:6E:8;65=76!
:<=! 6BJJ8766! 9D7! 7W98:! 67:C! E7@@! JD7<;9>J7! ;F! :-;15<=>395?"! ';! 9769! 9D56!
J;665A5@59>H! S7! 7CJ@;>7=! L7<795E! :A@:95;<! ;F! 4-! J8;=BE95;<U# :-;1C! 7<E;=76! :!
+M0^fQ!9D:9!56!876J;<65A@7!F;8!4-!J8;=BE95;<!]*;9;@:!*0#-+"H!PQQO_U!-EE;8=5<L@>H!
:-;1C=+;?!CB9:<96!:87!=:B782E;<6959B95G7!=B7!9;!@:E?!;F!4-!]*;9;@:!*0#-+"H!PQQO_U!';!




8;S! N! G6! b_H! :<=! 9D:9! 9D56! JD7<;9>J7! S:6! 6BJJ87667=! 5<! 9D7! J8767<E7! ;F!
:6E:8;65=76!]/5LB87!PUO/H!8;S!b!G6!^_U!'D767!876B@96!5<=5E:97!9D:9!9D7!:6E:8;65=72
! )'!
5<=BE7=! 1P=! 87S585<L! =;76! <;9! 5<G;@G7! 5<D5A595;<! ;F! 4-! A5;6><9D7656H! <;8! =;76!
87S585<L! 87KB587!4-!J8;=BE95;<!;8!:-;1C! :E95G59>U! 'D7!7<D:<E7C7<9! ;F! 9D7! 7W98:!
67:C! E7@@! JD7<;9>J7! ;F! :-;15<=>395?! JD7<;9>J7! 5<! 9D7! :-;15<=>395?`! :-;1C=+;?!




F;8! 9D7! 1P=! 87S585<LU! ';! =7978C5<7! SD79D78! :-;15<! 56! 87KB587=! F;8! :6E:8;65=72




C5@=78!87=BE95;<!;F! +*012! F:C5@>!C5E8;"(-6!E;CJ:87=!9;!:-;15<=>395?! ],:CC7@@H!
[:8J!:<=!-CA8;6H!PQQR_"!I7!;A678G7=!9D:9!9D7!:6E:8;65=7!E;<=595;<6!9D:9!876B@97=!
5<! :! G78>! J;97<9! 6BJJ87665;<! ;F! 9D7! 7W98:! 67:C! E7@@! JD7<;9>J7! ;F!:-;15<=>395?!
:<5C:@6!876B@97=!5<!;<@>!:!G78>!C;=769!]:@A759!69:95695E:@@>!65L<5F5E:<9_!6BJJ87665;<!
;F! 9D7! :-;15<=>395>3855?! JD7<;9>J7! ]/5LB87! PUO3H! E;CJ:87! ED:<L76! 5<! 9D7!
:G78:L7!<BCA78!;F!67:C!E7@@6!5<!8;S!N!G6!P!S59D!b!G6!^_U!'D56!876B@9!6BLL7696!9D:9!
:6E:8;65=725<=BE7=!1P=! 87S585<L!;F! 9D7!J:9DS:>6! 87LB@:95<L! 97CJ;8:@! E7@@! F:976!








*;9;@:! *0# -+"H! PQQO_U! :7.15)=+;?# 6BJJ876676! D7978;ED8;<5E! JD7<;9>J76! ;F! :-;1
5<=>395?# ]1B=7S5L! *0# -+"H! PQQ^_H! @5?7@>! A>! 87@57G5<L! 87J87665;<! ;F! +*012# F:C5@>!
C5E8;"(-!98:<6E85J95;<U!'D787F;87H!59!S:6!J;665A@7!9D:9!9D7!:6E:8;65=72C7=5:97=!
6BJJ87665;<! ;F! 9D7! D7978;ED8;<5E! JD7<;9>J76! ;F! :-;15<=>395?! E;B@=! 87F@7E9!
:6E:8;65=725<=BE7=! =;S<! 87LB@:95;<! ;F! :7.15)# :E95G59>"! ';! :66766! 9D7! J;97<95:@!










.<! :<5C:@6! 9D:9! :887697=! :6! =:B78! @:8G:7! :<=! 9D7<! @:978! 876BC7=!
=7G7@;JC7<9! 9D8;BLD! J;69! =:B78! @:8G:@! 69:L76H! 9D7! L7<795E! J8;L8:CC5<L! ;F!
! ))!




N_! 87:@@;E:95;<! ;F! 8;@76! F;8! +7.18!C5E8;"(-! :<=! +*012! F:C5@>!C5E8;"(-6H! :<=! P_!
:@978:95;<6!5<!9D7!87@:95G7!5CJ:E96!;F!1.(2^O!:<=!9D7!C5E8;"(-!C;=B@:9;8>!F:E9;8!
(,12P!][:8J!:<=!-CA8;6H!PQNP_U!/;8!7W:CJ@7H!:<5C:@6!=7F5E57<9!F;8!+7.18!7WD5A597=!
698;<L78! 879:8=7=! =7G7@;JC7<9:@! 95C5<L! JD7<;9>J76! SD7<! 98:G7865<L!
=7G7@;JC7<9:@!:88769!F;@@;S7=!A>!J;692=:B78!=7G7@;JC7<9!E;CJ:87=!9;!:<5C:@6!;F!




89! 7<E;=76!:!J8;975<! 9D:9!:E96!=;S<6987:C!;F! 9D7!1.(2Pc!"(-!A5<=5<L!J8;975<!
]07JJ78!*0#-+"H!PQQ^_U!'D767!876B@96!6BLL7697=!9D:9!9D7!87S585<L!;F!=7G7@;JC7<9:@!
E7@@! F:97! J8;L87665;<! 5<! =:B78298:G7865<L! @:8G:7! 5<G;@G76! :@978:95;<6! 5<! 9D7! J;692
98:<6E85J95;<:@!87LB@:95;<!;F!,$12N!7WJ87665;<U!!
';!E;<F58C!9D:9!1P=!5<=BE5<L!E;<=595;<6!876B@97=!5<!,$12N!=;S<287LB@:95;<H!
S7! 9:LL7=! 34+15! :9! 596! 7<=;L7<;B6! @;EB6! S59D! C&E:8@792.! B65<L! +".&0"g+:6R!



















































;F! 9D7! 87@7G:<9! CB9:<9! 698:5<6! =B85<L! =7G7@;JC7<9! 9D8;BLD! :6E:8;65=725<=BE7=!
1P=H! AB9! 5<! 9D56! E:67! S59D;B9! =:B78! E;CC59C7<9! ;8! :88769U! I7! ;A678G7=! 9D:9!
:6E:8;65=76! F:5@7=! 9;! 6BJJ8766! 9D7! 879:8=7=! JD7<;9>J76! ;F! :<5C:@6! 9D:9! S787!
@:E?5<L! +7.189# H># +7.18# 5<! E;CA5<:95;<! S59D! B7>1@8=+;?! ]9;! J8;G5=7! :! 67<6595\7=!
A:E?L8;B<=H! A@B<95<L! 9D7! 7WJ87665;<! ;F! +*012! F:C5@>! C5E8;"(-6_H! ;8! 9D:9! S787!
@:E?5<L!.3+1<! 5<! 9D7!:-;15<=>395?!A:E?L8;B<=U! ]/5LB87!PUe$2PUe4_U!*;87;G78H! F;8!
=;BA@>2CB9:<9! :<5C:@6! E:88>5<L! A;9D! B7>1@8=+;?! :<=! +7.189=+;?# CB9:95;<66#
:6E:8;65=725<=BE7=!1P=#7<D:<E7=!9D7!879:8=7=!JD7<;9>J76!]/5LB87!PUe$_H!65C5@:8!
9;! 9D7! 7<D:<E7C7<9! 87J;897=! F;8! B7>1@8=+;?`! +7.189=+;?# :<5C:@6# 9D:9! =7G7@;J7=!








8;@7! 5<! J;692=:B78! 7<D:<E7C7<9! ;F! 9D7! 879:8=7=! JD7<;9>J76! ;F! +*012! F:C5@>!
C5E8;"(-6!][:8J!:<=!-CA8;6H!PQNP_U!'D767!876B@96!6BLL769!9D:9!9D7!1P=!87S585<L!
5<E@B=76! 9D7! :E95G:95;<! ;F! :<! :@978<:95G7!,$12N! =;S<87LB@:95;<! J8;L8:CH!SD5ED!
5<G;@G76!+7.189H!+7.18!:<=!.3+1<H!:<=!9D:9!9D56!:@978<:95G7!J8;L8:C!:EE;B<96!F;8!9D7!
87=BE7=!87@5:<E7!;<!+*012!F:C5@>!C5E8;"(-6!F;8!J8;J78!1P29;21b!E7@@!F:97!98:<6595;<U!
'D767! 876B@96! :@6;! 6BLL769! 9D:9! 9D7! L7<795E! E58EB598>! E;<98;@@5<L! E7@@! F:97!




)<G58;<C7<9:@! :<=! JD>65;@;L5E:@! 698766! 65L<:@6! E:<! ED:@@7<L7! 9D7!
J8;L87665;<!;F!!"#*+*,-./!@:8G:@!=7G7@;JC7<9H!E:B65<L!9D7!@:8G:!9;!ED;;67!;<7!;F!
9D877! =5695<E9! :@978<:95G7! =7G7@;JC7<9:@! 98:Y7E9;8576j! N_! :! 8:J5=! :<=! E;<95<B;B6!
98:Y7E9;8>!S59D;B9!9D7!;J95;<!F;8!=:B78!:88769H!P_!E;<95<B;B6!=7G7@;JC7<9!9D8;BLD!
:<! 7W97<=7=H! A5J;97<9! 1P=! 98:Y7E9;8>H! SD7875<! 9D7! ;J95;<! F;8! =:B78! :88769! 56!
7<:A@7=H! AB9! <;9! <7E766:85@>! 67@7E97=H! :<=! b_! =7G7@;JC7<9! 9D8;BLD! 9D7! 1P=!








































D787! 5@@BC5<:97! D;S! L7<795E! 87LB@:9;8>! <79S;8?6! 9D:9! 6J7E5F>! @:8G:@! E7@@! F:97!







9D7! 1P29;21b! E7@@! F:97! 98:<6595;<6! A>! 87LB@:95<L! 9D7! 7WJ87665;<! ;F! +*012! F:C5@>!





F:976! S59D! =:B78! :88769! ],:CC7@@H! [:8J! :<=! -CA8;6H! PQQR_U! %<=78! F:G;8:A@7!
E;<=595;<6H! SD7<! 4-! 56! :AB<=:<9H! 4-2A;B<=! 4-/2NP! J8;C;976! E;<95<B;B6!
=7G7@;JC7<9H!:<=!:@6;!:E95G:976!:EEBCB@:95;<!;F! +*012! F:C5@>!C5E8;"(-6!=B85<L!
9D7! 1P! 69:L7H! SD5ED! 5<! 9B8<! :997<B:97! 9D7! :EEBCB@:95;<! ;F! 4-/2NP! ]9D787A>!









9D7! 1P=! J8;L8:C! 5<695L:97=! A>! B<@5L:<=7=! 4-/2NP! 5<E@B=76H! 5<! :==595;<! 9;! 9D7!
87J87665;<! ;F! +*012! F:C5@>! C5E8;"(-6H! :@6;! 9D7! :E95G:95;<! ;F! :<! :@978<:95G7!
C7ED:<56C!;F!,$12N!=;S<87LB@:95;<!]/5LB87!PUc$_H!SD5ED!56!876J;<65A@7!F;8!9D7!
6BJJ87665;<! ;F! :-;15<=>395?! A>! :6E:8;65=76! ]/5LB87! PUbH! 8;S! c_H! :<=! A>! 1P=2
5<=BE5<L! CB9:<96! ;F! :-;12! :<=! :-;1<# ]/5LB87! PUbH! 8;S6! R! :<=! NQ_U! 'D7! 1P=!
6BJJ87665;<!;F!:-;15<=>395?#JD7<;9>J76! @7=!B6! 9;!J8;J;67! 9D:9!=B85<L!S5@=! 9>J7!
1P=H!SD7<!4-!56!@;SH!4-/2NP!56!B<@5L:<=7=!:<=!596!:E95G59>!56!D7<E7!<;9!B<@5?7!9D:9!
;F!9D7!@5L:<=2A5<=5<L!=7F7E95G7!CB9:<9!4-/2NP]",ON_U!.<!9D56!C;=7@H!S7!J8;J;67!
9D:9!:-;15<=>395?! :<5C:@6!E;<6959B95G7@>! 8B<!:<! m1P=2@5?7!J8;L8:Cn! F;8! 87LB@:95<L!
97CJ;8:@! E7@@! F:976H!SD5ED! 56!=56E;8=:<9!S59D! 8:J5=!E;<95<B;B6!=7G7@;JC7<9H!AB9!
E;CJ:95A@7!S59D!]:<=!D7<E7!JD7<;9>J5E:@@>!6BJJ87667=!A>_!9D7!7<G58;<C7<9:@!:<=!
7<=;E85<7!65L<:@6!9D:9!5<=BE7!9D7!1P=!98:Y7E9;8>U!
#B8!E;<E@B65;<! 9D:9!:!4-25<=7J7<=7<9! FB<E95;<!;F!4-/2NP! 56! 87KB587=! F;8!
9D7!C;=B@:95;<!;F!97CJ;8:@!E7@@!F:976!=B85<L!1P=!56!=785G7=!F8;C!;B8!F5<=5<L!9D:9!9D7!




6D;S5<L! 9D7! 87KB587C7<9! F;8! :-;15<! F;8! 1P=! 87S585<LH! :! :-;1<=+;?! CB9:<9! S:6!
87J;897=!9;!<;9!6BJJ8766!]5<=77=H!9;!7<D:<E7_!9D7!7W98:!67:C!E7@@!JD7<;9>J76!;F!
:-;15<=+;?#],B:<LH!ZD:<L!:<=!ZD:<LH!PQNN_U!!




I7! D>J;9D765\7! 9D:9! 4-/2NP! E;;J78:976! S59D! 4-/2b! ;8! 4-/2NO! 5<! :! 4-2
5<=7J7<=7<9! C:<<78! 9;! :E95G:97! :<=! C;=B@:97! 9D7! :@978<:95G7! ,$12N!
=;S<87LB@:95;<!J8;L8:C!]/5LB87!PUc$_U!-@9D;BLD!9D7!5CC7=5:97!:E95;<!;F!4-/2NPH!
9;L79D78! S59D! 4-/2b! ;8! 4-/2NOH! S;B@=! @5?7@>! A7! 98:<6E85J95;<:@H! B@95C:97@>! 9D7!
:@978<:95G7!J:9DS:>!F;8!,$12N!=;S<!87LB@:95;<!:JJ7:86!9;!A7!J;69298:<6E85J95;<:@H!
:6! S7! F;B<=! 9D:9! 6BJJ87665;<! ;F! :-;15<=>395?! ;8! B7>1@8=+;?! A>! 1P=! 5<G;@G76!
E;<985AB95;<6! F8;C! +7.18! :<=! +*012# F:C5@>!C5E8;"(-6H! 5<! :==595;<! 9;! 9D7!C5".&+!
E;F:E9;8!(,12P!],:CC7@@!*0#-+"H!PQQR_!:<=!:@6;!1.(2^OH!SD5ED!56!9D;BLD9!9;!FB<E95;<!








6BFF5E57<9! 9;! J87G7<9! :6E:8;65=725<=BE7=! =:B78! F;8C:95;<! =;76! <;9! J87G7<9! 9D7!
7W97<65;<! ;F! 67E;<=! @:8G:@! 69:L7! =7G7@;JC7<9! ED:8:E9785695E! ;F! 1P=U! -@6;H! S7!
;A678G7=! 9D:9! :-;15<=>395?! :<5C:@6H! SD5ED! :87! 4-25<67<6595G7! :<=! =:B782
E;CC59C7<9!=7F7E95G7!<7G789D7@766!E:<!87:=5@>!B<=78L;!1P=U!'D767!;A678G:95;<6!
6BLL769! 9D:9! 1P=! 56! 5<595:97=! 5<=7J7<=7<9@>! ;F! 4-/2NP24-! :E95G59>H! :<=! :87!
E;<65697<9!S59D!;B8!C;=7@!9D:9!:!4-25<=7J7<=7<9!FB<E95;<!;F!4-/2NPH!9;L79D78!S59D!
:E95G:97=!4-/2b!;8!4-/2NOH!J8;C;97!7WJ87665;<!;F!9D7!1P=!J8;L8:CU!!










A;9D! 9D7! 1P=29;21b! 98:Y7E9;8>H! :<=! 9D7! 1P=29;2=:B7829;2J;69=:B78! 98:Y7E9;8>H! :<!
7<D:<E7=!8;@7!F;8!+7.189!56!7G5=7<9H!E;CJ:87=!9;!9D7!8:J5=!E;<95<B;B6!=7G7@;JC7<9!
98:Y7E9;8>U! #B8! F5<=5<L! ;F! :<! 5<E87:67=! 5CJ;89:<E7! ;F! 1.(2^O! =B85<L! 9D7! 1P=! 56!
E;<65697<9! S59D! :! J87G5;B6! 87J;89! 9D:9! :! :-;1<=+;?! CB9:95;<! E;B@=! 7<D:<E7! 9D7!





98:Y7E9;8>! 56! @:8L7@>!65C5@:8! 9;! 9D:9! F;8!=:B782J;69=:B78! 98:Y7E9;8>H!:87!E;<65697<9!
S59D!9D7!F:E9!9D:9!=:B78! @:8G:7!:88769! 56!:@S:>6!J87E7=7=!A>!1P=U!'D787F;87H!9D7!
87S585<L!:66;E5:97=!S59D! 98:G7865<L!J;692=:B78! @5?7@>! 56! 5<595:97=!=B85<L!1P=U!'D7!
;A678G:95;<! 9D:9! 6BJJ87665;<! ;F! 9D7! 879:8=7=! JD7<;9>J76! ;F! E789:5<!CB9:<96! 56!
C;87! J;97<9! F;8! 9D7! 1P=2=:B782J;69=:B78! 98:Y7E9;8>! E;CJ:87=! 9;! 9D7! 1P=2;<@>!
98:Y7E9;8>! ]/5LB87! PUbH! 8;S! f! G6! O_H! 6BLL7696! 9D:9! 87S585<L! C:>! A7! J:895:@@>!






:<=! D7<E7! E;CC59C7<9! 9;! 1b! E7@@! F:97! 6J7E5F5E:95;<H! C:>! A7! L:97=! A>! 6;C7!
7G7<9]6_!E;BJ@7=!9;!9D7!E;CJ@795;<!;F!9D7!1P!;8!1P=!69:L7U!'D56!S;B@=!A7!E;<65697<9!








!AD7&c5=?9Ed& Me& UU& U\& WY& XX&
/78=<IH7& 6#+=FG0.DIKL6#+=FMM0N-.2+(&=@HO&



























































87S587! 9D7! L7<795E! 87LB@:9;8>! <79S;8?! E;<98;@@5<L! 97CJ;8:@! E7@@! F:97! 98:<6595;<6!
=B85<L!@:8G:@!=7G7@;JC7<9!;F!!"#*+*,-./"!#B8!F5<=5<L6!J8;G5=7!5<65LD9!5<9;!D;S!9D7!
87LB@:95;<! ;F! 97CJ;8:@! E7@@! F:97! 98:<6595;<6! E:<! A7! :=:J97=! 9;! :EE;CC;=:97!
698766FB@! E;<=595;<6! 9D:9! ED:@@7<L7! =7G7@;JC7<9:@! J8;L87665;<U! +;;8=5<:97!
87LB@:95;<!;F!=7G7@;JC7<9:@!J8;L87665;<!:<=!97CJ;8:@!E7@@! F:976!677C!9;!E;<F78!
7@:695E59>!9;!!"#*+*,-./!=7G7@;JC7<9H!SD7875<!9D7!J8;J78!=7G7@;JC7<9:@!6ED7=B@7!
;F! E7@@! F:97! 98:<6595;<6! 56! B<:FF7E97=! A>! G:85:95;<6! 5<! =7G7@;JC7<9:@! 8:97! ;8!
=7G7@;JC7<9:@!98:Y7E9;8>U#
!"# *+*,-./# @:8G:7! J;66766! ;9D78! @5F7! D569;8>! ;J95;<6H! 5<! :==595;<! 9;! 9D7!
=7@:>7=!=7G7@;JC7<9:@!J8;L87665;<!:66;E5:97=!S59D!9D7!1P=2=:B78!98:Y7E9;8>U!!/;8!
7W:CJ@7H!:JJ8;J85:97!JD78;C;<7!65L<:@6!:<=!<B98595;<:@! 69:9B6!E:<! 876B@9! 5<!:<!
:EE7@78:95;<! ;F! !"# *+*,-./! =7G7@;JC7<9! ]*:E(75@! *0# -+"H! PQNb`! -J856;<! :<=!
"BG5<6?>H!PQNO`!1B=7S5L!*0#-+"H!PQNe_U!*;87;G78H!@:8G:7!E:<!97CJ;8:85@>!6B6J7<=!
=7G7@;JC7<9:@!J8;L87665;<!:9!6J7E5F5E!ED7E?J;5<96!5<!9D7!@:97!1PH!1bH!;8!1^!69:L76!
5<! 876J;<67! 9;! :EB97! 69:8G:95;<! ]&ED5<=@78H! $:BLD! :<=! &D78S;;=H! PQN^_U! I7!
D>J;9D765\7! 9D:9! 9D767! 65L<:@6! 9D:9! 759D78! :EE7@78:97! =7G7@;JC7<9! ;8! 876B@9! 5<!
J8;L8:CC7=! =7G7@;JC7<9:@! :88769! S;B@=! :@6;! A7! :66;E5:97=! S59D! :JJ8;J85:97!
87S585<L6! ;F! 9D7! L7<795E! 87LB@:9;8>! J:9DS:>6! 87LB@:95<L! 97CJ;8:@! E7@@! F:97!
J8;L87665;<H!6;!9D:9!E7@@! F:97! 98:<6595;<6!:87!:JJ8;J85:97@>!6><ED8;<5\7=!S59D! 9D7!








Genotype Related figure(s) 
VT1367 maIs105[pCol-19::gfp] V Figure 2.2, 2.3, 2.6B, 
2.6C, 2.6D 
VT1453 mir-48 mir-241(nDf51) maIs105 V; mir-84(n4037) X Figure 2.3 
VT791 maIs105 V; daf-12(rh61) X Figure 2.3, 2.4, 2.5, 2.6. 
2.7 
VT2962 daf-7(e1372) III; maIs105 V; daf-12(rh61) X Figure 2.3, 2.6C, 2.6E 
VT3568 daf-2(e1370) III; maIs105 V; daf-12(rh61) X Figure 2.3, 2.6D, 2.6E 
VT3135 maIs105 V; srg-36srg-37(kyIR95) daf-12(rh61) X Figure 2.6A 
VT2972 maIs105 V; daf-3(mgDf90) daf-12(rh61) X Figure 2.6B, 2.6C 
VT1308 daf-7(e1372) III; maIs105 V Figure 2.6C 
VT1755 maIs105 V; daf-3(mgDf90) X Figure 2.6C 
VT1747 daf-7(e1372) III; maIs105 V; daf-3(mgDf90) X Figure 2.6C 
VT2984 daf-7(e1372) III; maIs105 V; daf-3(mgDf90) daf-
12(rh61) X 
Figure 2.6C 
VT1776 daf-2(e1370) III; maIs105 V Figure 2.6D 
VT3566 daf-16(mgDf50) I; maIs105 V Figure 2.6D 
VT3567 daf-16(mgDf50) I; daf-2(e1370) III; maIs105 V Figure 2.6D 
VT3569 daf-16(mgDf50) I; maIs105 V; daf-12(rh61) X Figure 2.6D 
VT3570 daf-16(mgDf50) I; daf-2(e1370) III; maIs105 V; daf-
12(rh61) X 
Figure 2.6D 
VT3682 daf-16(mgDf90) I; daf-7(e1372) III; maIs105 V Figure 2.6E 
VT3681 daf-2(e1370) III; maIs105 V; daf-3(mgDf90) X Figure 2.6E 
VT3684 daf-16(mgDf90) I; daf-7(e1372) III; maIs105 V; daf-
12(rh61) X 
Figure 2.6E 
VT3683 daf-2(e1370) III; maIs105 V; daf-3(mgDf90) daf-
12(rh61) X 
Figure 2.6E 
VT2952 maIs105 V; daf-9(m540) daf-12(rh61) X Figure 2.6F 
VT3061 wIs51[pScm::gfp] V; daf-12(rh61rh411) X Figure 2.6G 
VT3057 din-1(dh127) II; mir-48 mir-241(nDf51) maIs105 V Figure 2.6H 
VT3894 daf-12(rh61) hbl-1(ma430[hbl-1::mScarlet-I) X Figure 2.7A 
VT3895 daf-7(e1372) III; daf-12(rh61) hbl-1(ma430[hbl-
1::mScarlet-I) X 
Figure 2.7A 
VT2086 lin-46(ma164) maIs105 V; mir-84(n4037) X Figure 2.7B 
VT1065 lin-4(e912); lin-14(n179) mir-84(n4037) X Figure 2.7C 
VT3030 nhl-2(ok818) III; maIs105 V; daf-12(rh61) X Figure 2.7D 
VT3751 maIs105 V; hbl-1(ma430[hbl-1::mScarlet-I]) X Figure 2.9 
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<-agtaaaggagaa…864 bp of GFP  
…gaactatacaaa-> 
TAGACCTACTAGAAATCATCTAC(C/g)A 
Stop codon of daf-12, C/g = PAM 
mutation  

















--rest of the 643 bp mScarlet-- 
CGGAGGAATGGACGAGCTCTACAAG-> 
TAGACCTACTAGAAATCATCTAC(C/g)A 
Linker, Stop codon of daf-12, C/g 

























































































































































































































































































































Robustness against Irregularities 
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